Abstract This study determined the levels of polyphenols, flavonoids, carotenoids and antioxidant activity of the edible red seaweed, Gracilaria changii. Freeze-dried G. changii powder was extracted using five solvent systems: 80 % ethanol, 80 % methanol, 80 % acetone, ethyl acetate and water. The antioxidant activity of the extracts was measured using three assays, namely 2,2-diphenyl-1-picrylhydrazyl (DPPH), ferric reducing power (FRAP) and β-carotene bleaching assays (BCB). The total phenolics (TPC) and total flavonoids content (TFC) and the total carotenoids content (TCC) were also determined. Ethanol extract had the highest yield followed by methanol > water > acetone > ethyl acetate extract. The radical scavenging effects of all the extracts showing dose-dependency properties with the ethyl acetate extract of G. changii exhibiting the highest radical scavenging effect (EC 50 of 0.51±0.09 mg mL 
Introduction
Reactive oxygen species (ROS) are generated in living organism during metabolism, including superoxide anion (O 2− ), hydroxyl radical (•OH), hydrogen peroxide (H 2 O 2 ) and nitric oxide (NO) (Chew et al. 2008) . Under normal conditions, ROS and free radicals are effectively eliminated by antioxidant defence systems such as antioxidant enzymes and non-enzymatic factors. However, disruption of the balance between the free radicals and antioxidant concentration results in cellular oxidative stress. As a result, biomacromalecules including DNA, membrane lipids, and proteins are damaged by ROS-mediated oxidative stress which leads to numerous diseases and disorders such as cancer, stroke, mycocardial infarction, diabetes, Alzheimer's and Parkinson's (Chew et al. 2008; Je et al. 2009 ). Antioxidant compounds play an important role as health protective factors. They can delay or inhibit lipid oxidation by inhibiting the initiation or propagation of oxidizing chain reactions, and are also involved in scavenging free radicals (Piccolella et al. 2008) . Synthetic antioxidants such as butylatedhydroxytoluene (BHT), butylatedhydroxyanisole (BHA), and propyl gallate (PG) are commercially available and have been used as food preservatives. However, these synthetic antioxidants have side effects that could lead to liver damage and are suspected to be mutagenic and neurotoxic (Vijayabaskar and Shiyamala 2012) . Therefore, research on alternative antioxidants from natural origins has drawn increasing attention.
Seaweeds have been consumed since ancient times. Seaweeds are widely consumed in Asian countries, and to a lesser extent in Europe and America. Many seaweed species are used in the foods and pharmaceuticals industries, principally for the extraction of phytocolloids such as agar and carrageenan for use as thickening agents, and also for phytochemicals, which represent a source of pharmaceutical substances (Jiménez-Escrig and Sánchez-Muniz 2000) . Most seaweed contains a wide range of bioactive compounds with potential antioxidant activity, which may be more potent than analogous polyphenols derived from terrestrial plant sources due to presence of up to eight interconnected phenol rings (O'Sullivan et al. 2011) . Polyphenols act as reducing agents in concert with other dietary reducing agents such as vitamins C and E and carotenoids, and function to protect the body's tissues against oxidative stress (Matanjun et al. 2008 ). Algal polysaccharides also play an important role as free radical scavengers in vitro and to prevent oxidative damage in living organisms. Their activity depends on several structural parameters, such as the degree of sulphation, molecular weight, sulfation position, type of sugar and glycosidic branching . Several in vitro studies have reported that seaweeds demonstrated antioxidant activity (Matsukawa et al. 1997; Ismail and Tan 2002; Matanjun et al. 2008; Chew et al. 2008) . Moreover, some in vivo studies using animal models have shown that seaweeds are able to demonstrate hypocholesterolaemia and antitumor effects (Namvar et al. 2012; Chan et al. 2014) . Many studies on antioxidant activity of seaweeds had been published; however, there are limited studies on the antioxidant activity of various extracts of Gracilaria changii found in Sarawak, Malaysia.
G. changii belongs to the Florideophyceae and the order of Gracilariales (Abbott et al. 1991; Armisen 1995) . There are more than 40 different species of Gracilaria worldwide and at least 20 species are present in Malaysia with G. changii being one of the most abundant (Phang et al. 1996; Wong et al. 2006 ). This relatively bushy alga is purple to dark brown in color and is distinguished by abrupt constrictions at the base of the lateral branches, forming a slender stipe (Wong et al. 2006) . The cell wall of G. changii, which is mainly composed of agar (sulfated polysaccharides), may contribute to its antioxidant potential in addition to the presence of ascorbic acid, α-tocopherol, and various phenolics.
Extraction methodology is critical in the recovery of antioxidant phytochemicals; the yield of chemical extraction depends on the polarity and pH of the solvent, as well as the extraction time and temperature (López et al. 2011) . The polarity of the extracting solvent as well as the technique of extraction has a critical effect on the yield of polyphenols (López et al. 2011) , possibly influencing the type of phenolic groups extracted, whether in the form of glycosides or bound to the cell wall (Wong and Chye 2009) . The type of solvent and its polarity may affect the single electron transfer (SET) and the hydrogen atom transfer (HAT), which are key factors in the measurement of antioxidant capacity (Pérez-Jiménez and Saura-Calixto 2006) . Numerous studies on phenolic content had been carried out on various seaweed extracts and other plants, but there is little consensus on a universal method and the choice of appropriate solvents for extracting polyphenols from G. changii has not received sufficient attention to date Kumar et al. 2008; Kong et al. 2012) . Previous studies have shown that the samples extracted with aqueous mixture of solvents yielded higher quantities and greater antioxidant activity rather than absolute solvents (Pérez-Jiménez and SauraCalixto 2006; Akter et al. 2010) . Jiménez-Escrig et al. (2011) also reported that aqueous mixtures of methanol, ethanol or acetone are more effective extractants of polyphenol compounds. Therefore, various organic solvents at 80 % ratios to water were used in this study to increase the phytochemicals to be extracted from G. changii.
The objectives of this study were to determine the effect of extraction method on the G. changii extracts using multiple in vitro antioxidant assays. Due to the complexity of antioxidative mechanisms, this study employed three distinct antioxidant assays-the 2,2-diphenyl-1-picrylhydrazyl assay, the ferric reducing antioxidant power assay, and the β-carotene bleaching assay-to determine the antioxidant activity of various G. changii extracts. The ferric reducing power activity and 2,2-diphenyl-1-picrylhydrazyl assay probed the SET antioxidant mechanism, while the β-carotene bleaching assay measured the HAT quenching activity. In addition, the total phenolic content, total flavonoids and total carotenoid content were determined for each extract.
Methods and materials

Preparation of seaweed powder
The red seaweed G. changii was collected from the mangrove area of Santubong, Sarawak, Malaysia (Fig. 1) . The seaweed collected was cleaned with distilled water to remove epiphytes, sand and debris, and then immediately placed in a freezer (−40°C) and freeze-dried in a freeze dryer for 24 h. The dried sample was then ground to powder using a Waring blender to pass through a 850 μm (pore size) screen and stored in a sealed bag at −40°C until further analysis. A voucher specimen (FSMP 01) of the seaweed was preserved in the Biochemistry Laboratory, Faculty of Food Science and Nutrition, Universiti Malaysia Sabah.
Extraction of algae extracts
The freeze-dried seaweed powder was extracted with various organic solvents (1:20, w/v) namely ethanol (80 %, v/v), methanol (80 %, v/v), acetone (80 %, v/v) , and absolute ethyl acetate at room temperature for 24 h in a shaking incubator in the dark (Airanthi et al. 2011) . Then, the sample was filtered through Whatman No.1 filter paper. The supernatant was collected and the residue was re-extracted once under the same conditions. The combined filtrate was evaporated in a rotary evaporator under vacuum at 40°C to obtain the dried extract. For the water extract, 1 g of powdered seaweed was extracted with 50 mL distilled water at 80°C for 2 h and mixture was then centrifuged at 3000 rpm for 15 min. The supernatant was collected and the residue was re-extracted under the same conditions. The pooled supernatant was freeze-dried and the percentage extraction yields of each extract were weighed and calculated as follows:
where W 1 is the weight of the dried extract and W 2 is the weight of the freeze-dried sample (Maisuthisakul and Pongsawatmanit 2004) . The dry extracts were stored at −40°C and were dissolved in methanol for further analysis.
Total phenolic content (TPC)
The TPC of the seaweed extracts was determined spectrophotometrically according to Folin-Ciocalteu procedures as described by Matanjun et al. (2008) with slight modification. The diluted (5 mg mL −1 ) seaweed extracts (0.1 mL) were added to 1.0 mL of FolinCiocalteu reagent (diluted 10-fold) and the mixture was thoroughly mixed. After 3 min, 0.8 mL of sodium carbonate (7.5 %, w/v) was added to the mixture and kept in the dark for 30 min at room temperature. After 30 min the absorbance was measured at 765 nm against the blank solution. The TPC of each extract was determined using a calibration curve prepared using phloroglucinol at the concentration range from 0.01 to 0.5 mg mL −1 .
Ascorbic acid (2.0 mg mL
) was used as positive control. The results were expressed as mg phloroglucinol equivalent g −1 dry extract (mg PGE g
−1
). All measurements were performed in triplicate. The TPC of each extract was calculated as follows:
where C the total content of phenolic compounds, (mg PGE g −1 extract), c is the concentration of phloroglucinol established from the calibration curve (mg mL
), V is the volume of extract (mL), and m is the weight of extract (g).
Total flavonoids content (TFC)
The TFC of G. changii extracts was determined by aluminium chloride colourimetry according to Chang et al. (2002) . An aliquot (0.5 mL) seaweed extracts was mixed with 1.5 mL of methanol, 0.1 mL of aluminium chloride (10 %), 0.1 mL of 1 M potassium acetate, and 2.8 mL distilled water. The solution was kept in the dark for 30 min. The absorbance of the solution was measured at 415 nm, and rutin at a concentration ranging from 0.05 to 1.0 mg mL −1 was used as standard for calibration curve.
The results were expressed as mg rutin equivalent g
). All measurements were performed in triplicate.
Total carotenoids content (TCC)
The TCC of the seaweed extracts was measured spectrophotometrically as described by Khoo et al. (2008) and Kong et al. (2012) . The seaweed extracts (30 mg) were extracted with 10 mL of hexane:acetone:ethanol (2:1:1) and shaken vigorously. Then, the mixture was centrifuged at 3000 rpm, for 5 min at 4°C, to separate the lipophilic layer. This process was repeated 3 times until lipid compounds were fully extracted from the extracts. The pooled hexane layer was washed with distilled water and the aqueous layer was discarded. The resulting hexane extract was used to determine TCC. The absorbance of the hexane layer was measured at 450 nm. The β-carotene at concentrations ranging from 5 to 50 μg ). All measurements were performed in triplicate.
2,2-diphenyl-1-pircylhydrazyl radical scavenging activity (DPPH) assay
The radical scavenging activities (RSA) of seaweed extracts for DPPH radical were determined according to BrandWilliams et al. (1995) with slight modification. An aliquot of 0.5 mL of freshly prepared 0.06 mM methanolic DPPH was added to test tubes with 0.5 mL of extracts with various concentration ranges from 0.10 to 20 mg mL −1 , or BHT (0.05-0.80 mg mL
). The reaction mixture was mixed thoroughly and incubated in the dark for 30 min. The decrease in absorbance at 517 nm was measured with a UV-Vis doublebeam spectrophotometer against blank (methanol). An equal amount of methanol and DPPH served as control and BHT acts as a positive control solution. All measurements were performed in triplicate. The RSA was calculated as follows:
where A 0 is the absorbance of the control solution, A B is the absorbance of the DPPH solution in the presence of extracts, and A S is the absorbance of the sample extract without DPPH. The results were expressed in term of EC 50 determined by linear regression analysis of the dose response curve plotted between the RSA against extract concentration. The EC 50 is defined as an amount of extract concentration (mg mL −1 ) required to decrease the initial DPPH concentration by 50 % (Othman et al. 2007 ).
β-carotene bleaching (BCB) assay
The antioxidant activity of the seaweed extracts was determined using the BCB method as described by Velioglu et al. (1998) and Ismail and Tan (2002) . One millilitre of β-carotene solution (0.2 mg mL −1 in chloroform) was pipetted into a 50-mL round-bottom flask containing 0.02 mL of linoleic acid and 0.2 mL of Tween 20. Chloroform was removed by using a rotary evaporator at 40°C for 10 min. After evaporation, 50 mL of oxygenated distilled water was added and shaken vigorously to form a liposome solution. Aliquots of the β-carotene linoleic acid emulsion (2.0 mL) were mixed with 0.5 mL of seaweed extract at various concentrations (0.10-20 mg mL −1 ). The mixture was then incubated in a water bath at 50°C for 2 h. Oxidation of the emulsion was monitored at 470 nm using a UV-vis double-beam spectrophotometer. An equal amount of methanol and emulsion were used as control and BHT was used as the positive control. All measurements were performed in triplicate. The percentage inhibition (%) of extracts was calculated as follows:
where As (0) and As (120) represent absorbance of sample solution at time t=0 and 120, respectively, while Ac (0) and Ac (120) represent absorbance of control solution at time t=0 and 120, respectively. The EC 50 of the extracts was determined by plotting the graph of percentage inhibition versus extract concentrations.
Ferric reducing antioxidant power (FRAP) assay
The FRAP assay was conducted according to the Benzie and Strain (1996) method. The FRAP reagent was freshly prepared by mixing 300 mM acetate buffer at pH 3.6, 10 mM 2,4, 6-tri(2-pyridyl)-s-triazine (TPTZ), and 20 mM ferric chloride in the ratio of 10:1:1 (v/v). The mixture was warmed to 37°C before used. The FRAP solution (3.0 mL) was added to 0.3 mL seaweed extracts, and the mixture was kept in the dark for 30 min. The absorbance was read at 593 nm using a UV-vis double-beam spectrophotometer. Trolox in the concentration of 0-1000 μM was used as standard solution for calibration. BHT (0.10 mg mL ). All measurements were performed in triplicate.
Statistical analysis
All data are expressed as mean ± standard error (SEM). Data were analyzed using one-way analysis of variance (ANOVA) followed by Duncan's multiple range test by SPSS v.17 for Windows (SPSS, USA) and the Pearson correlation coefficient was used to determine the correlation. A significant difference was considered at the level of p<0.05.
Results
Extraction yield of extracts, TPC, TFC, and TCC
The yield of different extracts of G. changii is shown in Table 1 . The order of the yield in descending order was: ethanol (13.06±1.14 %)>methanol (12.36±0.76 %)>water (10.64±0.40 %) > acetone (9.05±0.77 %) > ethyl acetate (3.15±0.45 %). The yield of the ethyl acetate extract was significantly the lowest among the extracts, whereas the yields of the ethanol and methanol extracts were almost 4 times higher than the ethyl acetate extract. The TPC of the G. changii extracts ranged from 21.57 ± 2.58 to 6.06 ± 0.52 mg PGE g −1 ( ).
DPPH assay
In Table 3 , the RSA of extracts are presented as EC 50 and the values determined from the plotted graph of scavenging activity against the concentration of seaweed extracts; a lower value of EC 50 indicates a higher antioxidant activity. According to Fig. 2 , the RSA of various extracts showed a concentration dependency, i.e. the RSA increases as the concentration of extract increased and increased with the increase in concentration. For ethanol, methanol, and acetone extracts, the RSA almost reached a plateau at 10 mg mL
, while for the BHT and ethyl acetate extracts, the RSA reached maximum activity at 1.5 mg mL −1 . In general, almost all the extracts except for the water extract showed>50 % RSA at 4 mg mL
. The EC 50 of the extracts ranged from 0.51±0.09 to 7.80±0.57 mg mL −1 with the ethyl acetate extract having the significantly highest RSA while the water extract had the lowest activity.
BCB assay
For the BCB assay, the ability of the extracts to inhibit the oxidation of β-carotene was presented as EC 50 (Table 3 ). The lower the EC 50 indicated, the better the seaweed extract ability to prevent the discoloration of the β-carotene. The percentage inhibition of the G. changii extracts showed a dose-dependent manner, whereby the percentage inhibition increased as the concentration of extract increased, as shown in Fig. 3 . The percentage inhibition of the G. changii extracts reached a threshold value at 10 mg mL −1 . Among the extracts, the ethanol extract exhibited the significantly highest antioxidant activity with the lowest EC 50 of 1.06±0.36 mg mL ) and the water extract (7.50±0.08 mg mL
−1
). The synthetic antioxidant, BHT, showed excellent antioxidant activity with an EC 50 of 0.0050± 0.00 mg mL −1 (Fig. 3) . ) showing the strongest reducing ability followed by ethanol , which was almost 17 times higher than the reducing ability of the ethyl acetate extract. The ethanol, methanol, and acetone, and water extracts showed no significant differences in their reducing ability. Meanwhile, the ethyl acetate extract exhibited significantly superior reducing ability, almost 5-fold higher than the ethanol extract.
FRAP assay
Correlation Among the five extracts tested; there were positively and significantly strong correlations between the TPC, TFC, DPPH, and FRAP as shown in Table 4 . The correlations gave R 2 =0.990 and 0.994 between DPPH with TPC and TFC, respectively. The correlations between FRAP with TPC and TFC were R 2 =0.994 0.989, respectively. There were also positive correlations between TCC, DPPH, and FRAP. The correlations gave R 2 =0.720 and 0.719 between TCC with DPPH and FRAP, respectively. Meanwhile, the correlations between BCB with TPC, TFC, and TCC were weak with R 2 =0.345, 0.280, and 0.170, respectively. In addition, there was also a positive and strong correlation (R 2 =0.997) between the DPPH and FRAP assays. In contrast, the correlations between DPPH with BCB (R 2 =0.14) and FRAP with BCB (R 2 =0.19) were weak.
Discussion
Due to the presence of different bioactive components with antioxidant potential, various solvents with different polarities were used as extracting media and the crude extracts obtained Fig. 2 The radical scavenging activity of various G. changii extracts Fig. 3 The percentage inhibition of various G. changii extracts were used to determine the antioxidant activity using different assays. The solvent effect is an essential parameter for the chemical behavior of antioxidant compounds. The choice of extracting solvents with different polarities can have a significant effect on the performance of HAT-and SET-based antioxidant reactions due to the different solubility of the antioxidant compounds in different solvents (Çelik et al. 2010; Boeing et al. 2014) . For example, hydrogen bonding in polar solvents may induce dramatic changes in the H-atom donor activities of phenolic antioxidants and consequently affect the measured reducing antioxidant capacity (Çelik et al. 2010 ).
In the present study, the polarity index of the extraction solvents was: ethanol (5.2), methanol (5.1), acetone (5.1), ethyl acetate (4.4), and water (9.0). Table 1 shows that the yield of crude extracts increased with increasing solvent polarity, with ethanol and methanol exhibiting similar extraction yields. This may be due to the similar polarity index of the solvents. This was in agreement with Souza et al. (2011) , whose ethanol and methanol extractions led to similar extraction yields in both G. birdiae and G. cornea. Moreover, the yield of the methanol extract in the present study was higher than the values previously reported, including for Acanthophora spicifera (5.01 %), Eucheuma sp (3.98 %) and G. edulis (2.85 %) . In other types of seaweeds, such as green and brown seaweeds, the yield of the extracts varies, ranging from 0.47 to 40.33 % (Matanjun et al. 2008 ). These considerable variations in extraction yield found among different seaweed species may be due to the polarities of different compounds present in the seaweeds and also species-species differences (Cho et al. 2011; Sabeena Farvin and Jacobsen 2013) .
The extraction of phenolic compounds from a sample is directly related to the compatibility of the compounds with the solvent system according to the "like-dissolves-like' principle (Thoo et al. 2010 ). As shown in Table 2 , G. changii contained polyphenolic and carotenoid compounds with different polarity. In general, as solvent polarity decreases, the amount of phenolics, flavonoids, and carotenoids in G. changii increased. There was a similar trend between the TPC, TFC and TCC of G. changii extracts, with ethyl acetate exhibiting the highest TPC, TFC, and TCC among the extracts tested. Interestingly, ethyl acetate had the lowest yield but exhibited the highest TPC and TFC which were more than 2 times higher compared to the other extracts. This indicated that the phenolics and flavonoids components in G. changii were mainly of medium polarity and small amounts of this extract enabled it to show positive and significant antioxidant effects. This finding suggested that the yield of the extract did not associate with the polyphenolics compounds of the seaweed but might be influenced by the types of phenolic compounds present and the extractability of the solvent used in the preparation. A similar trend was reported by Ganesan et al. (2008) in which the TPC of G. edulis for the ethyl acetate extract (7.81 mg GAE g −1 ) was higher than the methanol (4.1 mg GAE g (2011) also showed that the organic solvent was more efficient than aqueous extraction for polyphenolic compounds in all brown and red seaweed species tested. Stankovic et al. (2011) also reported that smaller amounts of polar flavonoids such as isoflavones, flavanones, methylated flavones, and flavonols were extracted with chloroform, dichloromethane, diethyl ether, or ethyl acetate, while flavonoid glycosides and more polar aglycones were extracted with alcohols or alcohol-water mixtures. López et al. (2011) also showed that the quantity of polyphenolic compounds extracted varied with the solvent polarity; for example, the water extract had the highest amount of gallic acid as compared to the ethanol extract of Stypocaulon scoparium. On the other hand, phenolic compounds such as rutin, caffeic acid, and protocatechuic had an inverse relationship with solvent polarity. However, the solvent polarity did not drastically change the total amount of phenolics content, but only the phenolic profile.
In this study, the value the TPC of G. changii was almost 10 times higher compared to other Gracilaria species which ranged from 0.88 mg to 1.13 mg GAE g −1 (Souza et al. 2011 ).
The variation in the amount of phenolic and flavonoids content of seaweed was found to be affected directly by sunlight and climate, and thus the phenol content of analogous seaweeds species will differ from country to country depending on the climate; for example, the highest phenolic content in Fucus spp. was in summer, whereas for Laminaria spp. it was during winter (Connan et al. 2004; O'Sullivan et al. 2011) .
Additionally, polyphenol content also shows a significantly temporal correlation with the reproductive state of the algae. For example, Fucus vesiculosus had minimum polyphenol content just before the period of maximum fertility, while the content rose to a maximum during the period of sterility (Holdt and Kraan 2011) . The phenolic groups such as phenolic acids (gallic acid, gentisic acid, protocatechuic acid) and flavonoids (hesperidin, rutin) are normally found in red algae (Yumiko et al. 2003; Sabeena Farvin and Jacobsen 2013) . Previous findings reported by Namvar et al. (2012) , in which TPC total phenolics content, TFC total flavonoids content, TCC total carotenoids content, DPPH 2,2-diphenyl-1-pircylhydrazyl radical scavenging activity, BCB β-carotene bleaching assay, FRAP ferric reducing antioxidant power assay *Correlation significant at p < 0.01 the polyphenolic compounds identified in a methanol extract of E. cottonii were catechin, rutin, quercetin, showed that this extract had breast tumor-suppressive effect on rats. Several studies have shown that the regular consumption of foods high in these dietary phytochemicals can reduce the risk of several diseases such as heart disease, cancer and other aging-related diseases (Russo et al. 2005; Namvar et al. 2012) . Hsu et al. (2009) also reported that obese rats fed with high fat diet supplemented with rutin significantly reduced body, liver organ, and adipose weight. Carotenoids are isoprenoid molecules which are synthesised de novo by photosynthetic plants, fungi and algae and which are responsible for the orange, yellow and some red colors of various fruits and vegetables (Christaki et al. 2012) . Table 2 shows that carotenoids were mainly detected in the ethyl acetate extracts, which is in accordance with the less polar characteristics of these compounds. Moreover, these dietary carotenoids also showed high antioxidant activity. Similar findings have been reported in plants, as Kong et al. (2012) reported that an ethyl acetate extract of Barringtonia racemosa leaves showed the highest TCC as compared to extracts such as water and hexane. Red seaweeds are rich sources of carotenoids such as β-carotene, lutein, and zeaxanthin, which are either semi-polar or apolar (Kong et al. 2012; Christaki et al. 2012 ). These compounds have been shown to have beneficial effects toward some chronic diseases in which free radicals are involved (Lin et al. 2009 ). Dietary carotenoids are able to protect cells from oxidative stress by quenching singlet oxygen damage with various mechanisms.
The FRAP assay is the only assay that directly measures the reducing ability or reductancy in a sample. The mechanism of the FRAP assay was to measure the reducing ability of the antioxidants in these extracts to reduce ferric ion (Fe 3+ ) to ferrous (Fe 2+ ) in acidic medium by electron transfer (Benzie and Strain 1996) . The ferrous complex, which was an intense blue in colur with absorption maximum at 593 nm, was formed in the reaction (Benzie and Strain 1996) . The reducing power property indicates that the antioxidant compounds are electron donors and can reduce the oxidized intermediates of the lipid peroxidation process, so that they can act as primary and secondary antioxidants (Matanjun et al. 2008) . From the results obtained, it was found that ethyl acetate possessed a better reducing ability than other extracts, which were similar to the results obtained in the DPPH assay. Moreover, the strong positive correlation between the DPPH and FRAP assays indicated that the compounds present in the G. changii extracts were capable of scavenging free radicals as well as reducing ferric ions.
The DPPH radical scavenging system is the ability of an antioxidant to donate hydrogen, and DPPH is a stable free radical that accepts an electron or hydrogen radical to become a stable diamagnetic molecule (Brighente et al. 2007) . Table 3 shows that the radical scavenging activity of the G. changii extracts decreased as the solvent polarity increased. This was in agreement with Zakaria et al. (2011) who showed similar findings with the red seaweed Acanthophora spicifera. Ethyl acetate also showed the highest radical scavenging activity even though it had the lowest yield, and its radical scavenging activity was comparable to BHT. This finding suggested that this extract might dissolve more radical scavenging active polyphenols than other solvents, and is able to exhibit radical scavenging as efficient as the pure antioxidant (BHT). The common major compounds that can be extracted using nonpolar solvents such as hexane, ether and ethyl acetate are terpenoids, flavonoids, and fatty acids (Zakaria et al. 2011 ). This may be because the compounds contribute to the antioxidant activity of the ethyl acetate extract of G. changii. The ethanol and methanol extracts of G. changii in the current study showed better radical scavenging activity than the extract of Kappaphycus alvarezii: EC 50 3.03 to 4.28 mg mL −1 . Moreover, there was a positive and strong correlation between the scavenging activity and phenolics and flavonoids content, suggesting the polyphenolics compounds presence in G. changii were able to exhibit good radical scavenging activity.
In the β-carotene linoleic acid assay, free radicals formed by linoleic acid oxidation attacked the highly unsaturated β-carotene molecule, resulting in its discoloration and a decrease of absorbance. Inducing antioxidants retarded the β-carotene bleaching (Auezova et al. 2013) . The bleaching mechanism of β-carotene is a free radical-mediated event resulting in the formation of hydroperoxides from linoleic acid. In the absence of an antioxidant, β-carotene will undergo rapid discoloration. Linoleic acid will become a free radical with a hydrogen atom abstracted from one of its diallylic methylene groups. The radical formed then attacked the highly unsaturated β-carotene molecules. Thus, the orange-colored chromophore of β-carotene will be degraded and the results can be monitored spectrophotometrically (Souza et al. 2011) . The presence of antioxidants in different extracts could protect the extent of β-carotene bleaching by neutralizing the linoleatefree radical and other free radicals formed in the system. In contrast to results obtained from the DPPH and FRAP assays, BCB showed a different trend of antioxidant activity with the ethanol extract exhibiting the better inhibition of β-carotene bleaching. This may suggest that the ethanol extract contained more of the antioxidative compounds, which could act better in a water-oil emulsion system as compared to other extracts. Mendonça-Filho (2006) suggested that compounds that might be extracted with ethanol and methanol include lectins, alkaloids, flavones, tannins and saponins.
The current study showed a strong correlation between phenolic compounds and radical scavenging, and reducing activity of the extracts suggested that the antioxidant activity of G. changii was due to its polyphenolic compounds. The weak relationship with the β-carotene activity implied that the antioxidant mechanism of the G. changii extracts was favorable for electron transfer instead of hydrogen transfer. On the other hand, the correlations between the yields of the tested extract with the antioxidant assay were weak. The inverse relationship between the yields of the extracts with antioxidant activity suggested that extraction yields might not be good indicators of antioxidant activity. The higher amounts of extract yields did not always show the higher antioxidant activity, because sometimes the antioxidant activity is dependeent on the synergistic effects of the extracted phenolic contents (Akter et al. 2010 ).
In conclusion, the results revealed that the different extracts of G. changii exhibited different levels of antioxidant, phenolics, flavonoids and carotenoids contents. The phenolic and flavonoids were found to be correlated with the antioxidant activity which indicates the roles of algal polyphenols as free radical scavengers and ferric ions reducing agents. It was also found that the ethyl acetate extract of G. changii was more efficient in extracting the polyphenol and carotenoids compounds with antioxidative properties as compared to other polar solvents used. Further studies are suggested to purify and identify the bioactive compounds in the ethyl acetate extract.
